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SUMMARY
The pathophysiology of essential tremor (ET) remains unknown. Standard neuropathological
studies have reported no consistent changes but a detailed study found neurodegeneration in all ET
cases – 24% demonstrated lower brainstem Lewy body (LB) inclusions and 76% experienced a
loss of cerebellar Purkinje cells (PCs) and its sequelae. We review the evidence on
neurodegeneration in ET. The prevalence of LB inclusions in ET brains is similar to that in the
asymptomatic general population. These incidental LB disease cases have evidence for reduced
striatal tyrosine hydroxylase levels, as found in Parkinson’s disease, but there is no evidence for
reduced tyrosine hydroxylase levels in ET patients. Reduced mean PC counts in ET cases
compared with the controls reported by some studies could not be replicated by others. Most ET
cases have the same number of PCs as controls of a comparable age. Neither the lower brainstem
LB inclusions nor the cerebellar PC loss represent the neurodegenerative basis of ET. Further
studies are needed to determine the pathophysiology of ET.

Tremor is the most common movement disorder [1] and essential tremor (ET) is the most
prevalent tremor disorder in the general population [2,3]. ET is characterized by action
tremor which has two main features: postural tremor (PT) and kinetic tremor (KT). When
the KT accentuates on reaching the intended target it is known as terminal or intention
tremor. Approximately 20–30% of ET cases may also manifest resting tremor, usually late
in the course of the illness [4–6]. The PT and the KT may be of equal severity in ET or one
may be more prominent than the other [7]. Because the life expectancy in ET patients is
normal [8], it was frequently classified as ‘benign’ ET [9]. However, many of these patients
develop significant functional disability; therefore, the term ‘benign’ is not justified [10,11].
The other common causes of tremor in neurology practice are: enhanced physiological
tremor, medication-induced tremor, Parkinson’s disease (PD) and tremor associated with
cerebellar disorders.
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Diseases characterized by progressive neuronal degeneration in the brain and/or spinal cord
are classified as neurodegenerative diseases. The neuronal loss is not consequent to trauma,
infection, ischemia, toxins or any other known insult. A well-known example of a
neurodegenerative disease is PD [12]. The characteristics of neuro-degenerative diseases
include: an insidious-onset disease, a threshold of neuronal loss reached before the onset of
clinical manifestations [12,13], the loss of disease-specific neurons being considerably
accelerated compared with normal aging [12] and the number is progressively smaller
compared with age-matched controls and the neuronal loss correlates with the severity of
clinical manifestations [14]. Therefore, at the end of life, which is typically several years
after the clinical onset, the neuronal loss is so marked that a pathological diagnosis is
reasonably easy to make [12,14,15]; the neuronal loss at the specific anatomical sites is
distinguishable from other disorders that are not known for the loss of those neurons [16].

Most reports using standard neuropathological methods found no consistent abnormality in
the brain [4,6]. However, some recent, more detailed studies, have suggested
neurodegeneration in ET [17–20] in the form of either lower brainstem Lewy body (LB)
inclusions or cerebellar Purkinje cell (PC) loss and its sequelae [17,18].

The focus of this article will be a review of the literature regarding whether there are
pathological findings indicating that ET is a neurodegenerative disorder [17,18]. The other
related issues will be discussed only briefly where pertinent.

ET & brain LB inclusions
LB inclusions and marked substantia nigra neuronal loss are characteristic neuropathological
findings in PD [15,21–23]. Tremor is a well known clinical feature in both PD and ET.
Striatal dopamine transporters (DATs) [24–26] reveal a dopamine deficit in PD but not in
ET. The DAT imaging patterns, however, may not distinguish between ET and several other
forms of tremor or between PD and other variants of Parkinson syndrome [24]. Facilities for
DAT studies are not available at every center, therefore, the diagnoses of probable ET and
PD are often based on clinical features alone [5,6,15,27]. ET and PD are both common
disorders in the general population. In a community-based study of individuals aged 65
years or older, 14% had ET and 3% had PD [28]. Thus, coexistence of the two disorders
may occur by chance alone. The complicated cases that manifest features of both ET and the
PD are more likely to seek medical care in specialized movement disorder clinics.

The risk of ET patients developing PD has been studied by different groups [29–31]. One
large clinical study from two movement disorder centers found that the risk of parkinsonian
features in the ET cases was similar to the general population [29]. Another study observed
a 24-times higher risk of developing PD in the ET cases [30]. These variations may be due
to case selection bias and the use of clinical criteria to make the additional diagnosis of PD.
A clinicopathological study reported no increase in the risk of PD in the ET cases [31]. They
recommended that the second diagnosis of PD in a pre-existing case of ET should only be
made when there is unequivocal evidence of resting tremor, bradykinesia and rigidity, and
preferably these findings should be asymmetrical [31].

To our knowledge, there is no literature indicating that the combination of marked substantia
nigra neuronal loss and LB inclusions, the characteristics of PD, are also present in ET. One
group reported an autopsy study of ten ET cases and found LB inclusions to be present in six
(60%) cases, however, two patients had pathological findings consistent with PD [19]. A
second report from this group found LB inclusions in 24% of ET cases [18]. A subsequent
larger study by Louis et al., which included 40 ET participants, found LB inclusions in only
15% of cases [20]. In all these studies the LB inclusions in the ET cases were localized to
the lower brainstem, primarily the locus coeruleus (LC) [18].
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LB inclusions have also been reported in the brains of individuals who had no known
neurological disease at the time of autopsy. Such cases are known as incidental LB disease
(ILBD). Depending on the age of the study population, between 3.8 and 30% of unselected
general autopsied brains have been found to have ILBD [27,32,33]. This occurrence of
ILBD is quite similar to the reported 24% prevalence of LB in ET cases [18] and thus may
be incidental.

In an autopsy study of 24 ET cases and 21 controls, Shill et al. observed ILBD in 12% of ET
patients and 9.5% of the neurologically normal controls [34]. As in the previous reports [18],
in most cases the LB were localized to the lower brainstem [34]. Adler et al. compared the
clinical features in the pathologically identified ILBD cases with those who did not have
ILBD [33]. The frequency of ET was similar in the two groups − 46% in the ILBD cases and
40% in those without ILBD [33]. Thus, ILBD does not appear to be a pathological finding
exclusive to ET.

It is generally believed that ILBD is a pre-clinical pathological state of PD. Therefore, the
prevalence of ILBD should parallel the prevalence of PD. If the PD prevalence in the ET
cases was 24-times higher than in the general population [30], and we were to use the lowest
reported ILBD rate (3.8%), more than 91% of the ET cases should have ILBD at autopsy.
Thus, despite the two autopsy studies reporting prevalence of brainstem LB inclusions in 15
[20] and 24% [18] of the ET brains, those numbers are well within the range of ILBD
reported in the general population [27,32,33,35]. This leads to the conclusion that the
presence of LB in the lower brainstem is not the pathological finding characteristic of ET
[27,33–35].

In addition to the evidence that the LB inclusions are not more common in ET than in the
general population, there is biochemical evidence that separates the ET cases from ILBD
cases. Beach et al. observed that striatal tyrosine hydroxylase (TH) levels were reduced in
the ILBD brains compared with the normal controls [32]. This observation is consistent with
the theory that ILBD is a preclinical pathological state of PD. The same group studied TH
levels in the brains of ET cases without ILBD and in normal controls and found no
difference in TH levels between the two groups [36]. These data support a neurochemical
difference in the striatal TH levels between ILBD and ET.

Louis postulated that LC neurons synapse with cerebellar PC dendrites and the presence of
LB inclusions in the LC leads to PC dysfunction, thereby producing ET symptomatology
[2]. LB inclusions in the LC are a feature of Braak stage 2 PD pathology [37]. If LB
inclusions in the LC were the pathological basis of tremor production in ET, then one would
expect that every PD patient at Braak stage 2 would manifest an ET-like tremor, but the
tremor in PD is not evident until Braak stage 3.

Another consideration is the length of time that the LB inclusions may remain localized to
the LC (Braak stage 2) without progression to stage 3. It is estimated that such evolution
occurs in approximately 10 years [38]. In the cases reported by Louis et al., the LB
inclusions were localized to the LC and the lower brainstem after a mean ET duration of 28
years [18]. We believe that the LB inclusions in these cases had a more recent onset and
were incidental rather than causally linked to ET.

The cerebellum is the most common site of pathology implicated in the pathogenesis of ET
[17,18,20]. We will discuss the evidence pertinent to this.
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Similarities between ET & clinical manifestations of cerebellar pathology
ET is a clinically heterogenous disorder [6,7,39], in which all patients experience an action
tremor. There are reports that in some ET cases patients also experience gait difficulty
[6,40,41]. This combination of action tremor and gait disorder suggests that ET is a possible
cerebellar disorder. Action tremor in the ET cases has two attributes: PT, which is seen in a
body part held against gravity such as holding the arms at a right angle (perpendicular) to
the body and KT, which manifests during movement, such as an attempt to drink from a cup
or the finger-to-nose test. When the KT is accentuated at the end movement, it is known as
intention tremor. The PT and KT may be of equal severity or one may be more pronounced
than the other in ET cases [7]. The action tremor of cerebellar disease, however, only has the
kinetic characteristic [7]. It has been reported that when an ET patient suffers a cerebellar
stroke [42] or cerebellar hemorrhage [43], the PT resolved [42,43] and the KT was modified
by ataxia and dysmetria [43]. Thus, an indiscriminately destructive cerebellar pathology is
not the likely basis of the typical ET manifestations.

There has been a recent focus on the degeneration of cerebellar PC neurons [2,16–18,44–46]
and its sequelae [16–18] in the pathogenesis of ET.

PC degeneration & ET
Alcohol produces a symptomatic improvement in ET but is toxic to the cerebellar PC
[6,47,48]. The symptomatic benefit of alcohol on tremor is neither universal nor exclusive to
ET. Rajput et al. studied the effect of alcohol on tremors [48]. They observed that alcohol
had symptomatic benefit on action tremor in the majority of ET cases but also in nearly half
of the PD cases and even in some patients with cerebellar ataxia. An epidemiological study
from Spain observed that prior alcohol consumption significantly increased the risk of ET,
which was attributed to cerebellar PC toxicity [44]. Another large study from Italy reported
that wine consumption significantly reduced the risk of ET [49]. They attributed the benefit
to the antioxidant effect of wine. Most of the autopsy reports on ET did not find heavy
alcohol use in the ET cases [4,18]. This could be attributed to autopsy case selection bias.
On balance, the use of alcohol and the risk of developing ET cannot be established
conclusively. Contradictory epidemiological observations are a concern to many. Editors of
Annals of Neurology note “…epidemiology has become progressively more susceptible to
irreproducibility…” [50]. Cerebellar imaging studies have also produced contradictory
results [6].

Cerebellar pathology in ET
Since the topic of this paper is neurodegeneration as the pathological basis of ET, we will
focus on the neuropathology literature dealing with PC neuronal loss in this disorder.

Most standard neuropathology studies have reported no consistent abnormalities in the
cerebellum of ET patients [6]. Rajput et al. studied 20 ET brains and observed PC loss in
two (10%) – one had a history of strokes and the other had diabetes and coronary artery
disease [4]. Shill et al. studied 24 ET and 21 neurologically normal control brains [34].
Seven of the 24 (29%) ET cases had some cerebellar pathology but none had cerebellar
hemisphere atrophy. Three of those cases had Bergmann glia proliferation and four had
incidental tauopathy including one with a progressive supranuclear palsy diagnosis. The
torpedo formation was not notable in any of their cases [34]. Louis et al. studied ten ET and
12 normal control brains [19]. Six out of the ten ET cases in that study had LB inclusions
including two with pathological findings of PD [19]. None of those ten cases had PC loss or
gliosis in the cerebellum [19]. Louis and colleagues have subsequently published several
detailed studies which included morphometry, showing cerebellar pathology in those ET
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patients who did not have lower brainstem LB inclusions [17,18,20,45,51]. The PCs were
counted by a blinded rater when the nucleus of the neuron was identified. The main findings
in those studies were that most ET patients demonstrated a loss of PCs and its sequelae
including ‘PC torpedoes’ [18], Bergmann gliosis and ‘hairy baskets’ [51]. One of those
comprehensive studies included 33 ET and 21 normal controls [18]. It concluded that “all
ET brains had either LB or cerebellar pathological changes” [18]. A large majority (76%)
were noted to have cerebellar pathology, characterized by PC loss and its sequelae [18]. In
two cases dentate nucleus neuronal loss was detected [18]. Another study by this group
performed detailed PC counts in 14 ET brains – eight without LB inclusions, six with
brainstem LB inclusions, and 11 normal controls [17]. The mean PC count in the eight cases
without LB inclusions were significantly lower compared with the ET cases with LB
inclusions and the normal controls [17]; there was no overlap in PC counts between the ET
cases without LB and any of the other two groups [17]. Based on those two observations
[17,18], Louis classified the ET patients into two groups: ‘cerebellar ET’ and ‘LB variant of
ET’ [2]. However, those two papers although published during different calendar years
[17,18], appear to have been under preparation at the same time, and we assume these were
not independent observations but rather that the larger study [18] included the cases reported
in the smaller study [17]. In the larger study, the ‘cerebellar ET’ cases had a mean 31%
reduction in PC counts compared with the controls, however, 17 of those 25 (68%) cases
had PC counts in the normal range [18]. Thus, all the ET patients who did not harbor
brainstem LB inclusions did not show PC loss [18]. Combined, these observations are not
consistent with PC degeneration being the pathological basis of ET. To extrapolate that PC
loss is the pathological basis of ET by using mean PC counts in a group of ET cases where
more than two-thirds of ET cases had a normal complement of PCs is seriously flawed [18].
If PC degeneration was the pathological basis of ‘cerebellar ET’ all such cases would be
expected to manifest marked PC loss, however only 32% of these cases had some PC loss
[18, 46]. Another important consideration is that PC loss is a part of normal aging [17,18].
This bias cannot be excluded when the mean PC counts are compared in different groups.

Ideally, we should count all the PCs in the cerebellum to determine if PC loss is the basis of
ET manifestations. However, no such technology exists. Therefore, we rely on the sampling
of cerebellar tissue to count the PCs.

In an attempt to replicate the observations in previous reports [17,18,20], Rajput et al.
performed PC counts in a total of 15 ET and control brains and found no evidence that PC
loss was the pathological basis of ET [16]. However, the study was criticized for the small
‘total sample size’ [45]. Such criticism would be justified if the objective had been to
establish a significant correlation between PC loss and ET for an epidemiological study.
However, the goal of all these studies was to determine if PC loss is the pathological basis of
ET [16–18]. Correlations must not be confused with causation. For every disease the cause
must exist (i.e., there is 100% correlation regardless of the study sample size).

To address that criticism, Rajput et al. enlarged their study to a total of 59 cases including
ET patients, PD controls and normal controls [52]. None of the ET cases demonstrated
lower brainstem LB inclusions and were thus comparable to the ‘cerebellar ET’ cases
studied by Axelrad et al. [17] and Louis et al. [18]. The ET cases and the PD controls were
followed by the same two neurologists (AH Rajput and A Rajput) at the Movement
Disorders Clinic Saskatchewan (SK, Canada). The normal controls had no history of
neurological disease and had normal brain histology. Unlike previous reports where the PCs
were counted only when the neuronal nucleus was visible [17,18], they used three different
markers for PC identification [16,52]. Those included: a section through any part of the PC,
through the nucleus of the PC and through the nucleolus of the PC. All PC counts were
carried out on five randomly chosen 100× power microscopic fields when each field
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contained a single length of PC through the entire 2 mm diameter of the microscopic field
[52]. Those five PC counts were added to the total number of PCs [52]. The PC counts in all
three groups of cases were performed by the Royal College of Physicians and Surgeons of
Canada Board certified neuropathologist blinded to the clinical diagnosis [52].

Table 1 shows the mean PC counts in the ET and the two control groups. Although, by each
counting method, the PC numbers were marginally higher in the ET group than in the
control groups, the difference was not significant. This group also analyzed the PC counts
by age of the subjects [52]. Figure 1 shows the PC counts in the three groups when any part
of the neuron with or without nucleolus or nucleus was recognized and age at death. Figure
2 shows PC counts based on the identification of the nucleus of the PC and Figure 3 shows
PC counts based on nucleolus identification. There was no difference in the PC counts
between the ET and control groups of the same age by any of the three counting methods.

Another way to assess neurodegeneration as the basis of ET is to study the critical level of
PC loss needed for clinical onset. There is no literature indicating that a threshold PC loss
leads to ET manifestations. If PC loss were the pathological basis of ET, the reduced number
of PCs would be evident at the time of the first ET manifestation and it would accentuate
with time. In the study by Louis et al. [18], 68% of the ‘cerebellar ET’ cases had a normal
PC count, even after a mean 34-year duration of ET symptoms [46]. Rajput et al. detected no
difference in PC counts between ET and the controls after a mean of 34 years of ET
symptoms [52]. These data indicate that there is no threshold of PC loss that coincides with
ET onset and unlike the neurodegenerative disease [12,14], the PC loss is not accelerated in
the ET cases (Figures 1–3). The neuropathology literature can also be analyzed by assessing
the clinical consequences of PC loss. The burden of pathology should be reflected in the
severity of clinical manifestations [12,14]. If PC loss accounted for ET manifestations,
individuals with more pronounced loss would probably have the most severe clinical
features. Rajput et al. found no association between the degree of PC loss and the severity of
tremor or the number of anatomical sites involved in ET [16]. Isolated case studies indicate
that even when there is complete loss of cerebellar PC the patients do not show features of
ET [53,54]. Ishida et al. reported one case with glutamic acid antibody that had complete
cerebellar PC loss and Bergmann gliosis [53]. This patient had marked cerebellar ataxia but
no features of ET during a 5-year follow-up. Verschuuren et al. reported a patient (case 1)
with ovarian adenocarcinoma who developed progressive limb and truncal ataxia but had no
ET manifestations [54]. At autopsy there was a complete loss of PCs. These two cases
illustrate that even the extreme PC depletion does not lead to clinical features of ET.

The clinicopathological literature to date does not support the conclusions made by Louis
and colleagues; that PC degeneration is the pathological basis of ET [2,17,18]. In their
recent communication, they note that “While cerebellar PC loss is certainly not
pathognomonic of ET … warrants further investigation” [45]. We agree with that
conclusion. At this time we need to consider all possibilities in the pathogenesis of ET.

We have considered multiple sources of clinicopathological evidence to determine neuro-
degeneration in ET. The literature clearly indicates that neither the brainstem LB inclusions
nor cerebellar PC degeneration is the pathological basis of ET. Therefore, the use of the
terms ‘LB variant of ET’ and ‘cerebellar ET’ should be discontinued.

Considering alternatives to neurodegeneration in ET pathophysiology
It has been postulated that ET may be consequent to metabolic dysfunction, which triggers
abnormal oscillations in the cerebellothalamo-cortical motor circuit [6]. Some other
progressively disabling neurological disorders are known for not having neurodegeneration
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(e.g., untreated dopa-responsive dystonia) which, like PD, improves with levodopa but
unlike PD has no substantia nigra neuronal loss [55,56].

GABA is the most common inhibitory substance in the brain and several GABAergic drugs
are known to improve ET [2,47,57]. Altered GABA function has been considered the
possible basis of the motor circuit dysfunction in ET and brain GABA function in ET has
been investigated by several groups [58–60].

Boecker et al., who studied GABAA receptors in ET and control subjects using PET,
detected a decline in GABA function in the dentate nucleus, ventrolateral thalamus and the
lateral premotor cortex [58]. Paris-Robidas et al. studied cerebellar GABA receptors in ten
ET, ten PD and 16 normal control brains [59]. They observed a 35% GABAA receptor
reduction in the dentate nucleus of ET patients, compared with the normal and the PD
controls. They also detected a 22% decrease of GABAB receptors in the ET dentate nucleus
of ET cases compared with that in the dentate nucleus of normal controls and a 31% decline
compared with PD controls dentate nucleus [59]. However, they found no change in the
GABAA or GABAB receptors in the cerebellar cortex [59]. GABAB concentration had an
inverse relationship with the duration of ET symptoms, suggesting that this abnormality was
progressive and was of a long duration [59]. More recently, Shill et al. reported reduced
parvalbumin (GABA interneuron marker) in the LC region of the pons in ET brains [60].
Importantly, however, this reduction was mostly accounted for by the older age of onset of
ET, whereas those with ‘classic’ ET had normal parvalbumin levels, suggesting that typical
ET is not a neurodegenerative disease involving the GABAergic neurons.

There is no consistent histological abnormality in the dentate nucleus of ET brains. Louis et
al. reported a reduced number of neurons in the dentate nucleus in two out of 33 (6%) cases
[18], and Shill et al. detected mild abnormalities in the dentate nucleus in three out of the 24
(12.5%) ET cases [34]. Thus, the GABA receptor abnormalities on PET scanning [58] and
on studies of ET brains [59] are not likely due to the dentate nucleus neurodegeneration. We
are not aware of any brain biochemical studies of GABA receptors in the thalamus or the
lateral premotor cortex to support the abnormal GABA function found with PET scanning
[58].

Conclusion
After careful review of the published literature on clinical, neuropathology and
neurochemical findings in ET, we find no evidence to support the notion that ET is a
neurodegenerative disorder – either characterized by the lower brainstem LB inclusions or
by cerebellar PC degeneration. Further studies are needed with larger numbers of ET cases
(hereditary, sporadic and senile) and age-matched controls using standardized methods of
performing the evaluations [6]. All the alternatives need to be considered when trying to
gain a better understanding of the pathophysiology of ET. Finally, it may well be the case
that multiple mechanisms are involved in causing ET.

Future perspective
Given the current level of scientific interest in ET, the next 10 years will see significant
advances in this field.

Neither of the two proposed types of neuro-degeneration form the pathological basis of ET.
Evidence is now emerging that there are brain-based biochemical abnormalities that result in
altered functions and manifest as a tremor. Not all the ET cases will fit one biochemical
profile; we expect several different abnormalities will be identified.
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We predict that there will be future studies focused on large ET kindreds to identify a
genetic basis of the disorder. We anticipate that several different genetic abnormalities will
be identified and there will be imaging studies aimed at abnormalities in brain
neurotransmitters, including GABA. The above two types of studies will be most
informative if they are performed in the same cohort. Such patients will then be followed
and eventually autopsy studies will be performed for biochemical abnormalities and to
determine if there is a localized gene expression that accounts for the clinical manifestations.
The patients will be classified based on genotyping and different clinical profiles will be
established in those genotypes. Such studies of large families will then be replicated in
sporadic ET cases. Based on those studies, there will be targeted drugs devised for different
subtypes of ET.
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Practice Points

• Resting tremor, which is characteristic of Parkinson’s disease (PD), is also
present in some essential tremor (ET) cases, and action tremor, which is
characteristic of ET, is seen in PD cases, thus resulting in errors in diagnosis.

• Tremor in ET may interfere with passive movements at a joint and give an
impression of cogwheel rigidity, especially if it is done with reinforcement.

• Rapid alternating movements used to determine bradykinesia may be interrupted
by prominent tremor in ET cases, thus resembling arrest of voluntary
movement–resembling bradykinesia.

• Impaired postural reflexes characteristic of stage 3 Hoehn and Yahr PD are also
seen in many normal elderly patients.

• If a patient only has mild action tremor without convincing bradykinesia or
rigidity, clinicians should wait for subsequent evaluation before making a
diagnosis.

• In a patient with prominent tremor, assess the rigidity at the shoulder joint. Put
one hand under the patient’s elbow, hold the wrist with your other hand, flex the
elbow to approximately 90° and move the forearm to the left and right slowly to
rotate the shoulder. The clinician may reinforce this action by asking the patient
to rapidly tap the contralateral foot while moving the arm.

• For testing bradykinesia in a case with prominent tremor, use one finger tapping.
Place the palm of the patient’s hand on a firm object such as a table. Hold down
the small and ring fingers and thumb, and if necessary the middle finger to
prevent movement. Ask the patient to tap their index finger rapidly but steadily,
not ‘stop and go’. A decline in amplitude would indicate bradykinesia.

• In a patient under the age of 60 years, postural instability (pull test) without any
other cause strengthens the diagnosis of PD, but in an individual over the age of
65 years, it has less significance.

• Improvement of tremor with alcohol, β-blockers or the other drugs used for ET
is not sufficiently specific to make a diagnosis of ET.

• Levodopa is prescribed to some ET patients owing to error in diagnosis. If a
patient on levodopa has no convincing evidence of bradykinesia, rigidity,
wearing-off or dyskinesia, the clinician should gradually withdraw the drug and
re-evaluate the patient after 2–3months. Some patients may resist going off
medication because of perceived benefit. If the clinician cannot convince
patients to stop taking levodopa, they should assure the patient that it is not toxic
to the brain.

• There is no consensus on the duration of ET symptoms before a second
diagnosis of PD can be made. The longer the duration of well-documented ET
before parkinsonian manifestations, the more accurate the second diagnosis
would be. If there is an ET patient who has been well documented without
bradykinesia or rigidity for 10 years, and now manifests all three motor features
– resting tremor, bradykinesia and rigidity (preferably asymmetrical) – the
second diagnosis of parkinsonism is justified.
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Figure 1. Purkinje cells sectioned through any part of the cell body
Total number of Purkinje cells in five 100× power microscopic fields, when any part of the
neuron was identified, and age at death in essential tremor and Parkinson’s disease and
neurologically normal control brains. There is no difference between the essential tremor
and the two control groups of the same age.
Adapted with permission from [52].
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Figure 2. Purkinje cells sectioned through the nucleus
Total number of Purkinje cells from five 100× power microscopic fields, when the nucleus
of the neuron was identified, and age at death in essential tremor and Parkinson’s disease
and neurologically normal control brains. There is no difference between essential tremor
and the two control groups of the same age.
Adapted with permission from [52].
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Figure 3. Purkinje cells sectioned through the nucleolus
Total number of Purkinje cells from five 100× power microscopic fields, when part of the
nucleolus of the neuron was identified, and age at death in essential tremor brains and
Parkinson’s disease and neurologically normal control brains. There is no difference
between essential tremor and the two control groups of the same age.
Adapted with permission from [52].
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